Information extraction from satellite images is a challenging task. This is because of the associated uncertainty arising out of improper capture and subsequent transfer. Fuzzy systems are suitable for such applications because of the fact that these have the ability to capture minute variations in the patterns presented. Fuzzy systems are expert decision making tools that require support from Artificial Neural Network (ANN) for inference generation. This leads to the formation of NeuroFuzzy system (NFS). A NFS requires certain apriori information for making appropriate decision. Apriori knowledge can be provided manually but it becomes tedious, hence certain computational approaches are required. In this paper, the focus is given on the development of an information extraction system based on K-means clustering (KMC) and ANN and an adaptive neuro-fuzzy inference system (ANFIS) based system with the same purpose to achieve enhanced performance as compared to each other. We specially deal with an ANFIS aided by KMC for use with information extraction from satellite images. Experimental results show that such system is fully automatic and effective in dealing with information extraction from river images with forest and sand distribution along its banks.
INTRODUCTION
Information extraction from satellite images is a tedious task because variation of certain patterns gives rise to uncertainty in decision making. Due to microscopic changes which are as common during the capturing phase of satellite images, information extraction provides a lot of tricky situations and requires delicate system design for effective performance. To study a particular topology, it is important to separate out specific patterns from the other part of the image. Such segmentation of the regions of interest (ROI) can be performed by using K-means clustering (KMC) technique where cluster portions are required to be identified [1] [2] . The Artificial Neural Networks (ANN) based approaches are capable of learning from model free environment and can be used for capturing information from data segments generated by KMC algorithm to define the required pattern in an image. Since the image may consist of various patterns of a particular object, it becomes difficult to extract a particular pattern from the whole image. In this type of case use of fuzzy logic helps to get various patterns of a particular object as a whole in a single cluster. The ANN based approach along with the fuzzy logic can predict, from an applied pattern, the required portion and provide near approximate ROI segments from satellite images. The hybrid system formed by KMC and ANN is able to predict portions from a model free environment. On the other hand a hybrid system formed by fuzzy logic and ANN can be applied to capture patterns with finite changes in an environment full of uncertainty from a satellite image [3] . In this paper, the focus is given on the development of an information extraction system based on KMC and ANN and an Adaptive Neuro Fuzzy System (ANFIS) based system with the same purpose to achieve enhanced performance as compared to each other. We specially deal with an ANFIS aided by KMC for use with information extraction from satellite images. Experimental results show that such system is effective in dealing with information extraction from river images with forest and sand distribution along its bank.
THEORITICAL BACKGROUND
The KMC is a technique mostly used often to group samples with certain similarity. Initially, random selection of points those are likely to be in different clusters gives the centroids for separate clusters. With these centroids the remaining points of that particular image forms the cluster as given by the user. The use of ANN enables the system to examine the cluster in a particular image and finally train and provides the required form with a number (defined by the user) of sections in an image.
The ANFIS system is formed by a neuro-fuzzy system (NFS) which is a combination of ANN and Fuzzy systems. Also, with the NFS, is related an inference engine which helps in making appropriate discrimination between applied patterns. The entire mechanism is adaptive for which it can track subtle variations in the input patterns. We here briefly cover the basic theoretical notions related to the system which is appropriately modified for information extraction from satellite images.
K-means Clustering
Clustering is an unsupervised learning technique and is the collection of similar type of objects into a single group as shown in Figure 1 . There are various types of clustering techniques among which KMC is the most commonly and popularly used where K is the number of cluster centers defined by the user. Different steps for the algorithm for the KMC are as follows: 
  
The KMC is simple technique and works in almost all cases of classification [4, 5] . 
Artificial Neural Network
The human brain is an intelligent system. Artificial intelligence is developed based on the logical and structured characteristics of the human brain. Researchers developed a novel system that works like biological nervous system called Artificial Neural Network (ANN) [6] .
Generally, all ANNs consist of minimum three layers as shown in the Figure 2 , connected to each other in which the first, is the input layer and receives the information from external sensors and passes to the hidden layers which may contain multiple blocks interconnected to each other in the form of neurons. The resultant output is passed to the real world through the output layer. 
Fuzzy Systems
In 1965, L. A. Zadeh introduced the concept of Fuzzy Logic based on which subsequent ideas as well as systems have been developed. Complexity, credibility and uncertainty are the three major characteristics based on which a fuzzy system are deployed. Membership grades define the degree of fuzzyness in fuzzy sets. Fuzzy system applies the logic related to fuzzy sets [7] .
Neuro -Fuzzy System
It is a system in which the parameters in fuzzy form based on are applied to a learning algorithm based on ANN concepts. This type of system is always based on fuzzy rules and was an inference mechanism [8] . 
Inference Engine
The inference system is specific program of an expert system which runs from the rules already contained in the knowledge base using artificial intelligence techniques such as ANN [9] .
ANFIS
These are a collection of adaptive networks which function equivalently as fuzzy inference systems. The process of fuzzy inference system (FIS) formulates the mapping of a given input to an output by using fuzzy logic. The FIS involves three main processes as membership functions, logical operations, and If-Then Rules. FIS can be successfully implemented in many systems [10, 11, 12] . It has a multidisciplinary nature by which it can be implemented anywhere to control, to predict, to make an expert system etc. In FIS, inputs are either in fuzzy or crisp forms for which it results an outputs which are in fuzzified form. It sometimes requires crisp results. A defuzzification process gives the required result in crisp form. The fuzzy if-then rules describes the behavior of the FIS. A complete FIS is shown in Figure. 3. 

Fuzzification Layer: Each node represents one label to one of the input variable of first layer. The output link of this layer represents the membership value. This layer specifies the degree to which an input value belongs to a fuzzy set. A clustering algorithm determines the number and type of membership functions.
Rule Antecedent Layer: The nodes in this layer represents the type of operator (T-norm operator) used in this node. The output of this layer results the strength of the corresponding fuzzy rule.
Rule Consequent Layer: This node combines the incoming rule antecedents and determines the degree to which they belong to the output label. The number nodes here are equal to the number of rules.
Combination and Defuzzification Layer: The combination of all rules consequents is done in this node and finally after defuzzification it computes the crisp output.
Takagi, Sugeno and Kang proposed the Sugeno Fuzzy model when they were supposed to develop a systematic approach for generating fuzzy rules from a given input-output data set [13, 14] . In general, Sugeno-type systems can be used to model any inference system in which the output membership functions are either linear or constant [15, 16] . 
PROPOSED SYSTEM MODEL
The system model of the proposed ANFIS-based system is shown in Figure 4 . The system model for the proposed KMC based system is shown in Figure 5 .
The first part of both the works is pre-processing. A sequence of steps like noise removal or addition (in case of noisy image processing), enhancement, reshaping and sharpening is performed to make the considered image for subsequent processing [17, 18, 19] . There are various types of clustering techniques based on which a number of given objects or data can be classified. It is an unsupervised learning process. The KMC can be done based on the similarity between the elements of the same cluster and dissimilarity between the other clusters. The Euclidian distance vector is used to find the distance between the neighbourhood points to form the clusters. The first step is user defined where user will specify the number of clusters along with the cluster centre (centroid) values and the collection of object. In the second step, the distance measures are found using the value of the centroid. It will work until the last point which here is the last pixel value of the image. The next step is the result, where the clusters formed by the system will be generated. Here only gray scale images are used to do the clustering.
As already mentioned there are two types of FIS: Mamdanitype and Sugeno type. Depending upon the way outputs are determined these two types of inference systems vary in their nature [20, 21] . Number of clusters 2 
EXPERIMENTAL RESULTS
Here we have used the Sugeno-type FIS. This type of system uses a combination of the least-squares method and the back propagation gradient descent (BPGD) method for training. In the training phase, the input matrix contains the input as well as the output vectors. The last column contains the output data and the other column contains input. The FIS provides the number and type of membership function according to which the training process starts. The steps used in the system are briefly discussed below:
The first step compares the input variables with the membership functions to obtain the membership values. Next, the membership values on the targeted part are combined to get the weight of each rule. Finally, the qualified consequent for each rule is generated depending upon the weight. Experiments are carried out with an ANFIS network and a KMC network with configuration parameters shown in Table  1 . Training convergence of the ANFIS is shown in Figure 6 .
The ANFIS system is fast but distinguishes only the few numbers of clusters specified manually. But the KMC network doesn"t require manual intervention and performs the clustering task automatically provided the cluster centers are clearly identified. But computationally, the second approach is more stringent. It takes more time to respond.
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Volume 50 -No.7, July 2012 Table 1 shows certain training time performance of the ANFIS system. The mean square error (MSE) for different epochs and time taken are shown in Table 2 . Further, the clustering technique makes clear demarcation between the important and insignificant regions. The demarcation also handles multiple clusters automatically which in case of the ANFIS system requires manual intervention. Speed wise, the ANFIS system is faster but has limited demarcation capability. Moreover, the KMC algorithm has better discrimination capability which helps in extracting the required portion of the information. Figures 7 and 8 are the results of the systems using ANFIS and KMC. As seen in Figure 7 , while extracting river or water body information from the satellite image, the ANFIS system provided both significant and non-significant data. The useless portion of the data cannot be removed from the ANFIS output. But the significant portion has high precision which is useful. This is seen from the ANFIS generated image where the river is extracted along with certain portions of the river bank as well. But the KMC technique extracts only the river and related water body section of the image. It removes the rest of the portion which is an advantage. The strength of the proposed system is thus obvious.
CONCLUSION
Here, we have described the design of an ANFIS model and a system using KMC configured for information extraction from satellite images. An image with special focus on river side content captured by satellite is used. The framework formulated is, however, in the present form limited only to gray-scale images. It can be extended to include multidimensional colour images as well which shall make it an effective tool for the study of a range of river and topography related phenomena based on satellite photography. The experiments performed show that both the system works for satellite images. The time taken by KMC is more as compared to the ANFIS based system. Since the KMC takes more time, it is not feasible to use it in real time process and requires modification including the use of specialized hardware. As fuzzy systems give more precision in microscopic variations, the ANFIS based system shall be more effective if inference making is combined with the apriori knowledge generated by KMC.
Fig 8: KMC resulted image
